ABSTRACT
INTRODUCTION
Distribution companies of the Czech Republic have been engaged in a systematic voltage quality measurement at all voltage levels for a long time. One reason is that the decrease of voltage quality mostly signalises a discrepancy between the supply network and appliances being supplied. This results in increasing the losses in the distribution of electric energy and in deteriorating the utilization of economical means invested both into the construction of distribution networks and into purchasing electrical appliances. A system of voltage quality measurement has been established in ČEZ Distribuce, a. s. in the year 2008. This system consists of the sets of PQ monitors [1] , [2] , [3] permanently installed at the points of delivery to important consumers. Beside the basic function of measuring the voltage quality the system enables the user to measure electrical quantities and to record their time development as well as to measure the amount of electric energy for operational purposes. The established system of voltage quality monitoring also comprises a heterogeneous communication support with the communication using LAN networks or GPRS means.
USER FUNCTIONS OF THE SYSTEM OF VOLTAGE QUALITY MEASUREMENT
The system of voltage quality measurement transmits the data in the amount of 150 kB from each point of measurement every day. The communication also enables initialised transmissions of data to be realized during the day. An example of the evaluation of "daily" data from August 12, 2008 is given in Tables 1 and 2 . In this case, the measurement was carried out in a compensated MV network and, therefore, the phase power is not evaluated in the table. 
VOLTAGE QUALITY MEASUREMENT AT THE POINT OF DELIVERY Principle and arrangement
Not depreciated electricity meters for invoicing purposes have been installed at the points of delivery. They are a component part of a proved and reliable system of measurement and of remote reading of electric energy. The newly established system of voltage quality measurement at the point of delivery, with the exception of instrument transformers, does not affect the system of remote measurement and reading of electric energy and is independent on it. The supply voltage is usually not available at the points of delivery and, for that reason, secondary voltage of instrument current transformers is used for the supply. Moreover, the registration of voltage events requires a source with a uninterrupted supply. Small dimensions of the measuring instrument and of the communication unit are assumption for easy installation and for protection against unauthorized interventions. The basic connection diagram of measuring instrument at a point of delivery is shown in Fig. 1 where an isolating element for the supply and an isolating element for the measurement of U of the sensor are connected to instrument transformers together with voltage inputs of the electricity meter for invoicing purposes. The conductors of secondary currents of instrument current transformers, after having passed through current circuits of the electricity meter for invoicing purposes, will be pulled through the holes in the sensor. The signals of the sensor are transmitted into the set for voltage quality measurement. The checking of changes of the measurement of voltage quality parameters resulting from a change of the load of IVTs was carried out by comparing the results of the measurement of two measuring systems connected to the same MV voltage of a 22 kV station. In the reference measuring system the PQ set for voltage quality measurement was supplied from the network during the whole period of measurement. In the second measuring system being checked the PQ set for voltage quality measurement was supplied from IVT since 18h 34m on May 3, 2007 up to 18h 37m on May 7, 2007 and then -till 18h 40m on May 11, 2007 -it was supplied from the network in the same way as the PQ set in the reference measuring system. Beside checking the agreement of the measured voltage quality parameters, the agreement of the measurement of electric energy by two electricity meters for invoicing purposes, connected in the reference measuring system and in the measuring system being checked, was also checked. It can be seen from the results in Fig. 3 showing the shapes of THD of the voltage for the whole period of measurement. When the PQ set being checked was supplied from IVT this PQ set measured, on May 6, 2007 at 19h 26m, the coefficients of THD of individual phaseto-phase voltages 1.82%, 1.94% and 1.68% while the reference PQ set measured the coefficients of THD 1.83%, 1.98% and 1.72%. When both PQ sets were supplied from the network, on May 8, 2007 at 20h 03m the reference PQ set measured 1.74%, 1.77% and 1.53% and the PQ set being checked measured 1.72%, 1.77% and 1.52%. In the case of the measurement of flicker P lt (see Fig. 4 ), when the PQ set being checked was supplied from IVT, on May 6, 2007 at 13h 02m the values of flicker P lt 0.049, 0.099 and 0.057 were measured in the reference channel while in the channel being checked the values 0.052, 0.100 and 0.059 were measured. When both PQ sets were supplied from the network the values 0.055, 0.084 and 0.064 were measured in the reference channel and the values 0.056, 0.084 and 0.067 were measured in the channel being checked on May 9, 2007 at 3h 26m. The results of the measurement of energies in four-day intervals are presented in Table 3 . When both PQ sets for voltage quality measurement were supplied from the network, electricity meters in the reference channel and in the channel being checked indicated the following difference in the measurement of active and reactive energy resulting from different accuracy of the elements of the measuring system: 5931.79 -5924.6 = 7.19 kWh; 1305.29 -1307.03 = -1.74 kVArh When the PQ set for voltage quality measurement in the system being checked was supplied from IVT and the PQ set for voltage quality measurement in the reference system was supplied from the network, the following differences in the measurement of active and reactive energy by electricity meters were measured:
6140 When the PQ set for voltage quality measurement was supplied from IVT compared with supplying it from the network, the accuracy of the measurement of active energy changed from 0.121% to 0.140%, i. e. by 0.019%. The accuracy of the measurement of reactive energy then changed from -0.133% to -0.059%, i. e. by 0.074%. It also follows from these results obtained under operating conditions that it is possible to supply the PQ set from instrument voltage transformers IVTs without a substantial change of the accuracy of the measurement of the quantity of energy by electricity meters for invoicing purposes and of voltage quality parameters. 
